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Compression Members 


UCLA 141 - STRUCTURAL STEEL DESIGN 


Definition 


* Elements which are subjected only to 
axial compressive forces are defined 
as columns. 

* Loads are applied along the 
longitudinal centroidal axis with no 


egcentricity. p T 
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Idealized State 
of Concentric Loading 


* The ideal state of concentric loading is 
never achieved. Some eccentricities 
always exist. 

* Members are not perfectly straight 

* Connections cause eccentricities 

* |nternal stresses cause uneven stress 
distribution 

* “Ф” factor accounts for inherent 
eccentricities. 


* For significant eccentricities, we design a 
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Common Compression 
Members 


* Columns 

* Braces 

* Truss members 
* Struts or Kickers 
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Column Limit States 


* Compression Yielding 


* Occurs only in very short or stout 
columns 


* Global Buckling 
* |nstability of the entire column 


* Strength is function of column length 
* Local Buckling 


* Instability of a part of the column 
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Compression Yielding 
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Column Theory 


Fundamental Buckling Mode for a column in single curvature with 
pinned-end connections can be derived using differential equations. 
(Euler buckling—see Geschwindner Section 5.3). 

Л 


m r= а 


UCLA CEE 141 - STRUCTURAL STEEL DESIGN 


Column Theory (Cont.) 


д EI 
ані 
Or in terms of average compressive stress: 
I= Ar“ к= Va 
TE 
er L/ 2 
Critical buckling stress is a function of length, 
and radius of gyration (or, "slenderness 
ratio" L/r) 
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Elastic Buckling 
шашлан a €——— 
Шат (Euler Buckling) 
Problem: If L is very small, F could 
be infinite! 


* But Faas must be F,, the yield stress 


of the material (Compression 
Yielding). 


* Another limit state, known as 


ССІ Ағам нотлов За Сіс Buckling to 


Inelastic Buckling 
* What is Physically Occurring? 


* A combination of compression yielding 
and elastic buckling in different parts of 
the cross-section. 


° Why? 
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Inelastic Buckling 


* Residual stresses are present in W Shapes due to 
cooling. Like a pie, the edges cool faster than the 
inside. For a W shape, flange tips cool fast, and 
web-flange connections stay hot. 


IIT) 


Initial cooling Internal cooling Completely cooled 
(a) (b) (c) 


Figure 5.10 
© John Wiley á Sons, Inc. АЙ rights reserved. 
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Inelastic Buckling 


* [his creates a "transition zone" 
between elastic and plastic behavior, 
between the proportional limit and 


Elastic/plastic 
model—no residual 
stress 


The equations are derived 
using a differential tangent 
modulus, E,. (Engesser's 
Solution) 


Р. = п2 | / 12 
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A figure 5.15 


UCL 


Transitions 
in Column Behavior 


Inelastic Buckling Elastic (Euler) Buckling 


Critical stress (Fey) 
Yield stress (F y) 


6 John Wiley & Sons, Inc. All rights reserved. 
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Effective Length 


* Differential equations can also be 
solved for other boundary conditions 

* We use a concept known as effective 
length, K to account for other 
boundary conditions. 

* Understanding K: 


* Ask the question: What would the length 
be to "mimic" 1* order buckling in a pin- 
pin connection? 
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Effective Length, K 


% 


0.51, 


fee 
k=] К = 0.5 
(а) (һ) 


Figure 5.6 
© John Wiley á Sons, Inc. All rights reserved. 


ОСІ Ағ 141 - STRUCTURAL STEEL DESIGN 


Effective Length, K 


TABLE C-A-7.1 
Approximate Values of Effective 
^4. Rotation fixed and translation fixed | Length Factor, K 


Y Rotation free and translation fixed (b) 


Y 
/ 


ZA Rotation fixed and translation free 
Î Rotation free and translation free 


Buckled shape of 
column is shown by 
dashed line 


Theoretical K value 


Recommended design 
value when ideal 
conditions are 
approximated 
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Аха! Capacity 


TET 
e ¢, =0.90 (Section El) 
e P,=F,A, (nominal compressive strength) 
ИЕ ‚ (critical stress, Section E3) 


PIS 6587, foKL/ <4. INELASTIC 
ч | Á 41%, BUCKLING 
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UCLA:Hss;:largeetuwalwecobdsley for either x-x or у-у 


E3. 


FLEXURAL BUCKLING OF MEMBERS WITHOUT SLENDER 
ELEMENTS 


This section applies to nonslender element compression members as defined in 
Section B4.1 for elements in uniform compression. 


User Note: When the torsional unbraced length is larger than the lateral unbraced 
length, Section E4 may control the design of wide flange and similarly shaped 
columns. 


The nominal compressive strength, P,,, shall be determined based on the limit state of 
flexural buckling. 


Р, = Fer Ag (E3-1) 


The critical stress, F.,,is determined as follows: 


F, 
г Е, Е, 
Án 
Е, =|0.658* |F, (E3-2) 
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F, 
(b) When KL > 4.71 E (or ma 5:223) 


Ғ у е 


For = 0.877F, (E3-3) 


where 
F, = elastic buckling stress determined according to Equation E3-4, as specified 
in Appendix 7, Section 7.2.3(b), or through an elastic buckling analysis, as 
applicable, ksi (MPa) 
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AISC Provisions 
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Maximum Slenderness Ratio 


E2. EFFECTIVE LENGTH 


The effective length factor, K, for calculation of member slenderness, KL/r, shall be 
determined in accordance with Chapter C or Appendix 7, 


where 
L = laterally unbraced length of the member, in. (mm) 
r — radius of gyration, in. (mm) 


User Note: For members designed on the basis of compression, the effective slen- 
derness ratio KL/r preferably should not exceed 200. 


* Why? 
* At high slenderness ratios, critical stress 
is very low (~ 5 ksi) 
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Sidebar: Buckling About 


Гх or Гу? 
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Local Buckling 
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Local Buckling 


* Stiffened Elements 


* A piece supported along two edges 
parallel to the direction of the 
compression force 

* Unstiffened Elements 

* A piece with one free edge parallel to 

the direction of the compression force 


* Key criterion is the width-thickness 
ratio 
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Stiffened & 
Unstiffened Elements 
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(a) Unstiffened elements 
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(b) Stiffened elements 
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Non-Slender Element vs. 
Slender-Element Sections 


° Non-Slender Element Sections 


* Cross section is sufficiently "compact" so that global 
buckling will occur before local buckling of any cross- 
sectional elements 


* All elements of cross section must satisfy b/t « A, from 
Spec Table B4.1a 
* Slender-Element Section 
* Section with slender elements that may buckle locally 
before onset of global buckling 
* One that does not satisfy b/t < A, requirement for one ог 
more elements of the cross section 
* Must be checked per Spec Section E7 (complicated!) 
* Note: Terms “compact” and "non-compact" were used in 
the AISC 360-05 and previous standards. Terminology has 
been changed to clarify differing requirements for beams 
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TABLE B4.1a 
Width-to-Thickness Ratios: Compression Elements 
Members Subject to Axial Compression 


Limiting 
rj Width-to- Width-to-Thickness 
б Description of Thickness Ratio А, 
Element Ratio — (nonslender/slender) Examples 


1 Flanges of rolled 
|-shaped sections, 
plates projecting 
from rolled |-shaped 
sections; outstanding 
lags of pairs of 
angles connected 
with continuous 
contact, flanges of 
channels, and 
flanges of tees 


Flanges of built-up 
|-shaped sactions 
and plates or angle 
lags projecting from 
built-up |-shaped 
sections 


Unstiffened Elements 


Legs of single 
angles. legs of 
double angles with 
separators, and all 
other unstiffened 
elements 


Ф 
+ 
c 
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E 
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ш 
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Webs of doubly- 
symmetric I-shaped 
sections and 
channels 


Walls of rectangular 
HSS and boxes of 
uniform thickness 


Flange cover plates 
and diaphragm 
plates between lines 
of fasteners or welds 


All other stiffened 
elements 


Nonslender Element vs. 
Slender-Element Sections 


* Nearly all rolled sections are non-slender 
for compression, unless they are intended 
as beam shapes. 


* Footnote in shape tables will alert you to 
slender-element sections. 


Wi4x53 | 15.6 [139 137% 0.370) % | Yue | 8.068 0.660) "в 1.25 [112 [1 1018; Bla 
x48. 14.1 1138 1314 0.340) e Уш 8038 0.595| 5% 1.19 |176 |1 Y Y 
(3° ) 12.6 |137 13a 0.305) Ән) Ye | 8.00) 8 0.530| Y 1.12 |198 [1 

W14x38* | 11.2 141 141% 0.310| 5% | w | 6.77, 63/4 0.515) Y 0.915114 | he 115s 31/58 


x34" | 10.0 [14.0 14 (0.285) 5 | Yis | 6.75 63/4 0.455) "hs 0.855 146 | “a Y Ila 
300 885138 137s 0.270 Ya | Vs | 6.73 69/4 (0.385) % (0.785 1 8 | “a | عاق‎ 


= | Shape is slender for compression with F= 50 ksi. 
! Shape exceeds compact limit for flexure with Fy = 50 ksi. 
: The actual size, combination and orientation of fastener components should be compared with the geometry of the cross section 
to ensure compatibility. 
* Flange thickness greater than 2 in. Special requirements may apply per АБС Specification Section АЗ 1c. 
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Key Exclusions 


* [he provisions of Spec Section E3 consider 
the flexural buckling limit state. 


* Torsional buckling and flexural- 
torsional buckling limit states also are 
possible, but we will not cover the details in 
the class. 


* These provisions also assume that the 
compression element is not subject to local 
buckling prior to developing the strength. 
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Design Approach 


° AISC SCM has a number of tables 
that facilitate the design: 
— Getto know PART 4 
* Generally use Column Tables for 
design 


UCLA CEE 141 - STRUCTURAL STEEL DESIGN 


Table for Critical Stress for 
Compression Members 


Table 4-22 
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ASD 
Table 4-22 О, = 1.67 | مين‎ 0.90 


Available Critical Stress for 


Compression Members 


EE a as че 
ZETA ^m [is [Гы ы 


ар LAD ШЕ ло 
1 ЕСЕ га 5 1 ЕСЕ дені. 1 25.1 37.8 1 27.5 1 29.9 | 45.0 
2 | 210 | 31.5 2 (216 | 32.4 2 | 25.1 | 37.8 2 27.5 E i 2 29.9 | 45.0 
3 | 20.9 | 31.5 3 [215 | 32.4 3 [251 37.8 3 275 | 41.4 3 29.9 | 45.0 
4 [209 | 31.5 4 |218 | 32.4 4 | 25.1 37.8 4 275 |414 4 |299 | 449 
5 | 209 | 31.5 5 | 21.5 | 32.4 ЖТ 37.7 5 1275 41.3 5 | 29.9 | 44.9 
б |209 | 31.4 б (1215 | 32.3 6 | 25.1 art 6 |278 41.3 б | 29.9 | 44.9 
7 [209 | 31.4 ? |218 | 32.3 7 | 25.1 37.7 7 275 41.3 T 298 | 448 
8 | 20:9 | 31.4 8 |218 |323 8 | 25.1 37.1 8 274 41.2 8 298 | 448 
9 1209 | 31.4 9 |218 | 32.3 9 | 25.0 | 37.6 9 274 | 41.2 9 298 | 447 
10 | 20.9 | 31.3 10 | 21.4 | 32.2 10 [250 37.6 10 | 274 | 41.1 10 | 297 | 447 
11 |208 | 31.3 11 |214 | 32.2 11 [250 | 37.5 11 | 273 41.1 11 | 297 | 446 
12 |208 | 31.3 12 |214 |322 12 |248 |375 12 |273 41.0 12 | 29.6 | 445 


Tables for Axial Capacity of 
Compression Members 


Tables 4-1 through 4-20 


ОСІ Ағ 141 - STRUCTURAL STEEL DESIGN 


Effective length, ÁL (ft), with respect to least radius of gyration, гу 


Table 4-1 
Available Strength in 
Axial Compression, kips 
W-Shapes 


> 
3 
8 
Е 
= 
5 
3 
= 
Е 


Pwo, Kips 
Pwi, kips/in. 
Pwo, Kips 
Pry, Kips 


^ Flange thickness is greater than 2 in. Special requirements may apply per AISC 


Specification Section A3.1c. 
Q,- 1.67 e = 0.90 


Effective length, KL (ft), with respect to least radius of gyration, ry 


Table 4-4 
Available Strength in 


Axial Compression, kips 
HSS16-HSS14 Square HSS 


ENZ Hsstox1ox MEC: 
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Questions? 
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Example Problem 


Using only the design tables in the Steel 
Construction Manual, design the most efficient 
W10 wide flange steel column at Grid F/5 based 
on the conditions given below. 


* The column is continuous from the ground 
level to the roof. 
* The column supports a tributary area of 900 
Яга! each floor. 
* The loads on the column are as follows. 
* Level 2, 3 and A 
* Dead Load = 120 psf 
* Live Load - 40 psf (non-reducible) 
Roof 
* Dead Load = 100 psf 
= ] iye Load = 12 psf mon reduchble) 


Example Problem 


Five years after the building was constructed, _ 
the building owner wants to demolish the 

floor framing at Level-2 around the column at 
Grid F/5 to create a dramatic 28’-0” tall 

lobby. Your Project Manager DE ater to 4 |l ‚ E 
weld Grade 50 (Fy = 50ksi) steel plates to E Hor г. 
the flanges to strengthen the column. | | 


14 FEET 


14 FEET 


Determine if your Project Manager's Ии E 
proposed solution is sufficient. Show all | | L3 
necessary calculations. ae не #مممميبممن‎ 
NEW 1/2" THICK 
(в) ADDED PLATES EACH 
! SIDE OF COLUMN 
(EXTEND PLATES 1" 
BEYOND EACH 


FLANGE OF THE 
COLUMN 


14 FEET 


cocevemewl E сала 545 345 جا‎ аа аа ош то сас А; 


14 FEET 


GROUND 


FLOOR FRAMING 
DEMOLISHED AT 
LEVEE 2 


